A method of interpreting radial distribution functions (RDF) of amorphous metals is proposed in which the role of the local atomic structure is emphasized. It is found that the width and height of the peaks of the RDF are related to the second moment of the atomic-level hydrostatic stress distribution ⟨p 2 ⟩. The results of this analysis are then used to explain the details of the changes that occur in the RDF when structural relaxation takes place. The theoretical ▵RDF is found to be in excellent agreement with the results of a computer study and previous experimental results. It is further proposed that changes in ⟨p 2 ⟩ may be most easily accounted for in terms of changes in the density of the structural defects defined in terms of the local fluctuations in the hydrostatic stress. In this way the changes that occur in the structure of amorphous metal during structural relaxation, as represented by the RDF, may be explained in terms of the motion and annihilation of these structural defects. It is concluded that the number density of defects which could account for the observed changes in the experimental RDF is 10%. It is also found that while the hydrostatic stress distribution may be significantly changed during structural relaxation, the distribution of the atomic-level shear stresses remains unaltered. A method of interpreting radial distribution functions (RDF) of amorphous metals is proposed in which the role of the local atomic structure is emphasized. It is found that the width and height of the peaks of the RDF are related to the second moment of the atomic-level hydrostatic stress distribution (p'). The results of this analysis are then used to explain the details of the changes that occur in the RDF when structural relaxation takes place. The theoretical hRDF is found to be in excellent agreement with the results of a computer study and previous experimental results. It is further proposed that changes in (p ) tnay be most easily accounted for in terms of changes in the density of the structural defects defined in terms of the local fluctuations in the hydrostatic stress. In this way the changes that occur in the structure of amorphous metal during structural relaxation, as represented by the RDF, may be explained in terms of the motion and annihilation of these structural defects. It is concluded that the number density of defects which could account for the observed changes in the experimental RDF is 10%. It is also found that while the hydrostatic stress distribution may be significantly changed during structural relaxation, the distribution of the atomic-level shear stresses remains unaltered.
I. INTRODUCTION
Even after many years of careful study, the structure of amorphous alloys is far from being completely understood. ' Experimentally, structural information may be extracted using x-ray, electron, and neutron scattering techniques, as well as
Mossbauer or NMR measurements.
While the
Mossbauer or NMR techniques provide indirect information on the local structure, direct structural information can be obtained only through the radial distribution function (RDF} determined by the scattering methods. However, RDF analyses still provide only averaged onedimensional information about the locally varying three-dimensional structures ' of the amorphous alloys. In order to better understand the structure in a nonaveraged manner, many workers were led to build hard-sphere models ' as well as relaxed atomic models.
" These models yield coordinates of a large number of atoms and have been analyzed in terms of the radial distribution function, ' density, ' polyhedral analysis, ' and more recently in terms of the atomic-level stresses and site-symmetry coeAicients. ' While the density and RDF analyses provide only averaged information, the analyses using polyhedra, atomic-level stresses, and site-symmetry coeAicients provide local information. Furthermore, it has been shown that the usefulness of the polyhedral analyses is rather limited relative to those of the atomic-level stresses. ' Because of the wide applicability of the radial distribution function in studies of both experimental and model amorphous systems and owing to the power of the atomic-level stress analysis, we attempt to combine these two techniques to elucidate the changes that occur during structural relaxation. Since amorphous alloys are generally obtained by rapid quenching, they are metastable, both with respect to crystallization and with respect to structural relaxation. Quenched samples are brought to more stable states by annealing at temperatures which do not lead to crystallization. As the alloy becomes relaxed, changes are experimentally observed (for a review, see Ref. 17) . For example, these changes may be seen in the density, ' Young's modulus, ' ' Curie temperature, electrical resistivity, ' internal friction, ' magnetic afteref- peak, as shown schematically in Fig. 5 . This indicates that the range of hydrostatic stresses is limited, on average, to first-nearest neighb~&rs, since if there were a long-range hydrostatic stress field, the phase shift would be proportional to r . This result can be expected in a one-dimensional system, where po is the average density and p(r) is calculated by successively fixing the origin on each atom within the section and calculating the density of atoms at a distance r from this origin. In evaluating the density we consider all the atoms, not only those which belong to the specific section being considered. We then average these densitites to yield p(r) and thereby G(r) for the specific group. phous metal is subjected to a low-temperature anneal have been examined using the energy-dispersive x-ray-diffraction method and by conventional x-ray-diffraction techniques.
The result of the former study is shown in Fig. 6 fiuctuations. This point will be discussed later.
The total radial distribution function (Go(r +yp)) is given by averaging Go(r +yp) over the whole distribution of p values N(p) that exist in the amorphous solid. To second order, (Go(r+yp)) = f Gp(r + py)N(p)dp/f N(p)dp 6- 
This implies that the hRDF should be proportional to -c} Go(r)/Br . Figure 6 shows the experimental hRDF, while Fig. 7(a) shows -8 Go(r}/ Br . The agreement is good past the first peak.
The disagreement at the first peak is mainly due to the fact that the phase shift between the compressive and tensile regions is only constant past the first peak, as seen in Fig. 4 , and is smaller for the first peak. The agreement between these two plots appears to justify the previous approximation.
In order to determine the value of y for our model, we have simulated the change in (p ) by simply excluding both edges of the distribution of p, as shown in Fig. 8 . This has been done as follows: RDF(annealed) has been calculated as in (9) Go(r) . This is a consequence of the weak linear correlation between r and p. ' The average pressure (p) is slightly negative when the value of~is large, as shown in Table I . Therefore, when the shear stresses are relaxed, the volume may stay constant, or may even increase slightly ' (see Table I} . This result is contrary to the experimentally observed density changes. Together with the fact that the hRDF due to the shear stress relaxation (Fig. 10} does not agree with the experimental hRDF, it it suggested that the majority of the shear stress fluctuations do not become relaxed during the structural relaxation.
V. STRUCTURAL DEFECTS IN AMORPHOUS SOLIDS
The experimental result shown in Fig. 6 indicates that the distribution of the interatomic distances becomes narrower upon annealing. In the last section we developed a relation between this narrowing of the interatomic distance distribution and the narrowing of the distribution of the atomic-level pressures. This relation is not trivial, as it might seem to be, since the atomic-level pressure represents not only the pair-wise atomic correlations but also some higher-order correlations as we discussed earlier.
For instance, an attempt has been made to simulate the experimental hRDF by a statistical narrowing of the distribution of interatomic distances.
The simulated hRDF closely resembles 
